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Some  Observations  on  the  Causes  of  Volcanic  Action.     Bi/  J.  Prestwich, 
M.A.,  F.R.S.,  Professor  of  Geology  in  the  University  of  Oxford. 

Considerable  difference  of  opinion  still  exists  as  to  the  cause  of  volcanic  action. 
The  hypothesis,  howpver,  generally  accepted  in  this  country  is  that  of  the  late 
Mr.  Poulett  Scrope,1  who  considered  that  '  the  rise  of  lava  in  a  volcanic  vent  is 
occasioned  by  the  expansion  of  volumes  of  high -pressure  steam,  generated  in  a 
mass  of  liquefied  and  heated  matter  within  or  beneath  the  eruptive  orifice.'  Ac- 
cording to  his  view,  the  expulsion  of  the  lava  is  effected  solely  by  high-pressure 
steam  generated  in  the  volcanic  foci,  but  the  way  in  which  the  water  is  introduced 
is  not  discussed. 

The  objections  to  this  hypothesis  are — 1st.  That  during  the  most  powerful 
explosions,  i.e.  when  the  discharge  of  steam  is  at  its  maximum,  the  escape  of  lava 
is  frequently  at  its  minimum,  and  vice  versa, 

2ndly.  That  streams  of  lava  often  flow  witr,  Mttle  disengagement  of  steam,  and 
are  generally  greatest  after  the  force  of  the  first  violent  explosions  is  expended. 

3rdly.  That  it  is  not  a  mere  boiling  over,  in  which  ca: -->,  after  the  escape  of  the 
active  agent — the  water — and  the  expulsion  of  such  portion  of  the  obstructing 
medium,  the  lava,  as  became  entangled  with  it,  the  remaining  lava  would  subside 
in  the  vent  to  a  depth  corresponding  to  the  quantity  of  lava  ejected ;  but  the  level 
of  the  lava,  cteteris paribus,  remains  the  same  during  successive  eruptions. 

Of  the  important  part  played  by  water  in  volcanic  eruptions  there  can  be  no 
doubt,  but  instead  of  considering  it  as  the  primary,  the  author  views  it  as  a  secon- 
dary agent  in  volcanic  eruptions. 

All  observers  agree  in  describing  ordinary  volcanic  eruptions  as  generally  ac- 
companied or  preceded  by  shocks  or  earthquakes  of  a  minor  or  local  character,  to 
which  succeed  paroxysmal  explosions,  during  which  vast  quantities  of  stones, 
scoriae,  and  ashes,  together  with  volumes  of  steam,  are  projected  from  the  crater. 
The  violence  of  the  explosions  gradually  decreases  and  they  then  cease  altogether. 
The  flow  of  lava,  on  the  other  hand,  which  commences  sooner  or  later  after  the 
first  explosions,  is  continued  and  prolonged  independently.  Ultimately  the  vol- 
cano returns  to  a  state  of  repose,  which  may  last  a  few  months  or  many  years. 

Adopting  the  theory  of  an  original  igneous  (but  now  in  greater  part  solid)  nucleus 
and  of  a  thin  crust,  the  author  considers  a  certain  fluidity  of  the  former,  or  of  a 
portion  thereof,  and  mobility  of  the  latter,  to  be  proved  by  the  facts  of  the  case. 
The  one  and  the  other  feebly  represent  conditions  of  which  the  phenomena  of  the 
rocks  afford  clearer  and  stronger  evidence  as  we  go  back  in  geological  time.  It  is 
estimated  that  a  small  quantity  of  central  heat  still  reaches  the  surface  and  is 
lost  by  radiation  into  space.  It  is  evident  also  that  even  the  escape  of  liquid 
lava  and  steam  from  volcanoes,  and  of  hot  springs  from  these  and  other  sources, 
must  bring,  in  however  small  a  quantity,  a  certain  increment  of  heat  from  the  in- 
terior to  the  surface,  where  it  is  lost.  This  must  lead  to  some  very  slight  con- 
traction of  the  nucleus,  and  of  re-adjustment  of  the  external  crust,  in  consequence 
of  which  the  fused  matter  of  the  interior  from  time  to  time  tends  to  be  forced 
outwards.  So  far  the  author  agrees  with  many  other  geologists.  The  additional 
hypothesis  which  he  now  suggests,  he  has,  however,  been  mainly  led  to  form  by 
his  researches  on  underground  waters,  and  may  be  stated  generally  as  follows : — 

A  portion  of  the  rain  falling  on  the  surface  not  only  of  permeable  and  fissured 
sedimentary  strata,  but  also  of  fissured  and  creviced  crystalline  and  other  rocks, 

1  For  reasons  that  will  be  apparent,  the  author  does  not  discuss  the  chemical 
theory  of  Davy  or  the  ingenious  thermodynamical  theory  of  Mallet. 
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below  ground,  and  is  there  transmitted  as  far  down  as  the  permeable  roeKr 
range,  or  as  the  fissures  in  the  rocks  extend,  unless  some  counteracting  causes 
intervene.  Those  causes  are  the  occurrence  of  impermeable  strata,  faults,  and 
heat.  The  former  two  are  irregular,  the  latter  one  is  constant.  The  increase  of 
temperature  with  depth  being  1°  Fahr.  for  every  50  to  GO  ft.,  the  boiling-point  of 
water  would  be  reached  at  a  depth  of  about  10,0*00  ft.,  but,  owing  to  the  hydrostatic 
and  rock  pressure,  it  has  been  estimated  that  water  will  retain  its  liquidity  and 
continue  to  circulate  freely  to  far  greater  depths,  but  a  point  will  be  reached  where 
the  tension  of  the  heated  water  will  equilibrate  the  pressure. 

Very  little  is  known  of  the  substrata  of  volcanoes.  Etna  and  ITecla  stand  on 
permeable  Tertiary  strata,  Vesuvius  on  Tertiary  and  Cretaceous  strata,  while  in 
South  America  some  of  the  volcanoes  are  seemingly  situated  amongst  Jurassic, 
pabeozoic  and  crystalline  rocks.  Under  ordinary  circumstances,  all  the  permeable 
strata  and  all  fissured  rocks  become  charged  with  water  up  to  the  level  of  the 
lowest  point  of  escape  on  the  surface,  or  if  there  should  be  an  escape  in  the  sea- 
bed, then  to  the  sea-level, — plus  a  difference  due  to  friction  and  distance. 

The  extreme  porosity  of  lavas  is  well  known.  All  the  water  falling  on  the 
surface  of  Etna  and  Vesuvius  (except  where  the  rocks  are  decomposed  and  a 
surface  soil  formed),  disappears  at  once,  passing  into  the  fissures  and  cavities  formed 
by  the  contraction  of  the  lava  in  cooling.  Not  only  are  these  fissures  filled,  but  the 
water  lodges  in  the  main  duct  itself,  and  occasionally  rises  to  a  height  to  fill  the 
crater.  Beneath  the  mass  of  fragmentary  and  cavernous  volcanic  materials  form- 
ing  the  volcano,  lies  the  original  compact  mass  of  sedimentary  strata,  &c.  ( tvring 
to  the  fortunate  circumstance  of  an  Artesian  well  having  been  sunk  at  Naples, 
we  know  that  under  735  feet  of  volcanic  beds  there  are  787  feet  of  sedimentary 
strata  consisting  of  alternating  strata  of  marl,  sands,  and  sandstones,  some  water- 
bearing, others  impermeable.  This  boring  passed  through  three  water-bearing 
beds — one  in  the  volcanic  ashes,  the  second  in  the  Sub-Apennine  beds,  and  the 
third  in  the  Cretaceous  strata  at  the  bottom.  The  water  from  the  lowest  spring 
rose  8  feet  above  the  surface,  or  81   feet  above  the  sea-level. 

It  is  well  known  that  where  the  strata  crop  out  in  the  sea-bed,  the  pres- 
sure of  the  column  of  inland  water  forces  the  fresh  water  outwards,  and  so 
forms  freshwater  springs  in  the  sea,  as  at  Spezzia  and  elsewhere  on  the 
Mediterranean  coast.  It  is  this  fundamental  hydrostatic  principle  which  keeps 
wells  in  islands,  and  in  shores  adjacent  to  the  sea,  free  from  salt  water,  as  in  the 
Isle  of  Thanet.  But  though  the  head  of  inland  water  is  sufficient  to  force  back 
the  sea-water  under  ordinary  conditions,  if  the  normal  conditions  are  disturbed  by 
pumping  to  an  extent  that  lowers  the  line  of  water-level  to  below  that  of  the  sea- 
level,  then  the  sea-water  will  flow  inwards  until  an  equilibrium  is  established. 

When  undisturbed,  the  underground  fissures  aud  cavities  of  the  volcanic 
materials  forming  a  volcano  soon  become  filled  by  the  infiltration  of  rain- 
water from  the  surface,  while  the  strata  on  which  they  rest  are  charged,  or  not, 
with  water,  according  as  they  are  permeable  or  impermeable — following  the  usual 
laws  affecting  underground  waters.  No  eruption  of  lava  can  then  take  place 
without  causing  disturbance  in  these  underground  waters.  The  first  to  be 
affected  will  be  the  water  in  the  cavities  of  the  mountain  and  the  crater.  As 
the  pressure  of  the  ascending  column  of  lava  splits  the  crust  formed  in  the  vent 
subsequently  to  the  preceding  eruption,  the  water  finds  its  way  to  the  heated 
rock,  and  leads  to  explosions  more  or  less  violent.  Further,  as  the  fluid  lava  breaks 
more  completely  through  the  crust,  and  the  mountain  becomes  fissured  by  the  force 
and  pressure  of  the  ascending  column,  all  the  water  stored  in  the  mountain  suc- 
cessively flows  in  upon  the  hot  lava,  and  flashes  off  into  steam.  Thence  those 
more  violent  detonations  and  explosions — those  deluges  of  rain  arising  from  the 
condensed  steam — with  which  the  great  eruptions  usually  commence.  As  the 
more  superficial  waters  lodged  in  the  superincumbent  lavas  and  ashes  are  ex- 
hausted,  the  springs  in  the  deeper  underlying  sedimentary  strata,  cut  into  by  the 
fissures  through  which  the  main  ducts  pass,  come  into  play,  and  discharge  their 
contents  more  or  less  rapidly  into  those  ducts,  where,  when  the  water  reaches  the 
point,  where  the  pressure  permits,  it  flashes  into  steam  and  rises  in  vast  bubbles  of 


■vapour  to  the  surface  of  the  lava.  Of  the  quantity  of  this  underground  water 
some  notion  may  be  formed  by  the  fact  that  the  deepest  of  the  three  springs  under 
Naples  discharged,  when  first  tapped,  two  cubic  metres  (440  gallons)  per  minute. 
The  water  may  pass  in  bodily  in  consequence  of  the  powerful  shocks  and  vibrations 
shattering  the  strata,  and  so  causing  masses  of  rock  to  fall  in  from  the  sides  of 
the  main  duct,  together  with  the  water  lodged  in  the  beds ;  or  it  may  pass  in  by 
capillarity,  for  it  is  well  known  that  this  state  exercises  a  remarkable  influence 
on  the  conditions  of  equilibrium  on  the  two  sides  of  a  porous  body,  and  M.  Daubre"e 
has  shown  that  water  will  pass  through  sandstone  against  a  pressure  of  steam 
greater  than  that  of  the  column  of  water.  The  experiments  were  only  carried  to 
the  extent  of  a  steam-pressure  of  two  atmospheres,  but  it  was  evident  that  the 
limits  of  the  power  were  not  reached.  They  further  also  showed  that  heat 
increased  the  transmitting  power.  There  is  reason  therefore  to  suppose  that 
water,  under  the  considerable  hydrostatic  pressures  that  exist  beneath  volcanic 
mountains,  and  assisted  by  capillarity,  may  flow  into  the  volcanic  ducts  with 
facility,  especially  when  aided  by  the  intermittent  relief  of  pressure  afforded  by 
the  rise  and  fall,  or  pulsations,  of  the  column  of  lava. 

As  the  underground  springs  also  are  exhausted  by  the  expulsion  of  the  large 
volumes  of  water  (as  aqueous  vapour),  other  conditions  come  into  operation.  When 
by  the  continuance  of  this  action,  the  level  of  the  underground  waters  in  the 
sedimentary  strata  under  the  volcano  is  lowered  to  below  that  of  the  sea-level,  so 
that  their  hydrostatic  pressure  is  no  longer  equal  to  that  exercised  by  the  sea-water, 
the  current  becomes  reversed,  and  instead  of  an  outflow  from  the  land,  an  inflow 
of  salt  water  from  the  sea  necessarily  takes  place  through  the  same  excurrent 
channels,  and  thus,  taking  the  place  of  the  displaced  fresb  water,  finds  its  way  to 
the  volcanic  ducts.  Finally,  from  the  exhaustion  of  the  fresh-water  supplies  and 
an  impeded  access  of  sea-water,  the  lava  flows  quietly  and  unaccompanied  by  the 
violent  explosions  which  mark  the  commencement  of  an  eruption.  If,  on  the  other 
hand,  the  sea- water  continues  to  gain  access  slowly  through  the  more  porous  volcanic 
materials,  it  may  help  to  maintain,  as  in  Stromboli  and  Kilauea,  a  constant  volcanic 
activity.  In  ordinary  cases,  however,  when  the  inland  waters,  after  the  force  of 
the  eruption  is  expended,  regain  the  ascendant,  they  again  exclude  the  sea- 
water,  and  return  to  a  state  of  equilibrium,  which  lasts  until  the  strata  are  again 
disturbed  and  fractured  by  a  renewed  eruption  of  lava. 

In  conclusion,  the  author  conceives  that  the  first  cause  of  volcanic  action  is  the 
welling  up  of  the  lava  in  consequence  of  pressure  due  to  slightcontraction  of 
the  earth's  crust.  Secondly,  the  fluid  lava  coming  into  contact  wi£E  water  stored 
In  the  crevices  6f  the  masses  of  lava  and  ashes  forming  the  volcano,  the  water  is 
at  once  flashed  into  steam,  giving  rise  to  powerful  detonations  and  explosions. 
Thirdly,  follows  an  influx  of  water  from  the  underlying  sedimentary  strata  into 
the  ducts  of  the  volcano ;  and,  lastly,  as  these  subterranean  bodies  of  water  are  thus 
converted  into  steam  and  expelled,  the  exhausted  strata  then  serve  as  a  channel  to 
an  iutlux  of  sea-water  into  the  volcano.  A  point  is  finally  reached  when,  owing 
to  the  cessation  of  the  powerful  shocks  and  vibrations,  and  the  excessive  drainage 
of  the  strata,  the  flow  of  the  lava  is  effected  quietly,  and  so  continues  until  the 
lava,  ceases  to  rise. 


On  the  Strata  between  the  Ghillesford  Beds  and  the  Lower  Boulder  Clay, 
'  The  Mundesley  and  Westleton  Beds.'  By  Professor  J.  Prestwich, 
M.A.,  F.B.8. 

Where  a  particular  series  of  strata  presents,  in  adjacent  and  conterminous  areas, 
markedly  different  palasontological  and  litbological  characters,  it  may  be  sometimes 
convenient,  as  in  the  case  of  the  '  Reading  and  Woolwich  Series,'  to  give  them  a 
double  geographical  term,  indicative  of  the  localities  where  each  type  is  well- 
developed,  and  its  relation  to  the  overlying  and  underlying  strata  well  shown. 

The  beds  between  the  Chillesford  Clay  and  the  Lower  Boulder  Clay  present 
such  a  series.  Its  exhibition  on  the  coast  of  Norfolk,  although  very  limited,  is 
accompanied  by  special  palfeontological  features,  that  have  caused  it  to  be  divided 
into  the  number  of  local  beds  which  have  been  described  by  Trimmer,  Green, 
Gunn,  Wood,  and  Harrner,  the  author,  Reid,  Blake,  and  others.  It  includes  the 
'  Laminated  Clays,'  the  '  Elephant '  and  '  Forest  beds  '  of  Gunn,  the  '  Bure  Valley 
Crag '  of  S.  Wood,  the  '  Westleton  Shingle  '  of  the  author,  and  the  '  Rootlet-bed  ' 
of  Blake.  Without  reverting  at  present  to  the  exact  correlation  of  the  several 
beds  in  the  Norfolk  area,  respecting  which  there  is  still  some  difference  of  opinion, 
the  author  suggests  that  they  should  all  be  included  under  a  general  term  founded 
on  the  localities  where,  on  the  one  hand,  their  varied  paheontological  characters  are 
exhibited,  and  on  the  other,  where  their  peculiar  litbological  characters  are  well- 
marked — characters  which  the  author  proposes  to  show,  in  another  paper,  have  a 
very  wide  range,  and  serve  to  mark  an  important  geological  horizon  affecting  some 
interesting  questions  of  local  physical  geology. 

The  Mundesley  beds  were  described  by  the  author  in  1860,  and  shown  to  consist 
of  alternating  beds  of  clay,  sand,  and  shingle,  some  containing  freshwater  and  others 
marine  mollusca,  with  a  forest-growth  and  mammalian  remains  at  their  base; 
and  again  in  1871,  when  he  included  them  in  his  Westleton  group  (No.  5  of  hia 
sections),  which  he  showed  at  the  latter  place  to  consist  entirely  of  great  masses  of 
well-rounded  shingle,  with  intercalated  seams  containing  traces  only  of  marine 
shells.  Seeing  the  inconvenience  of  attaching  the  same  term  to  the  two  very 
distinct  series  of  beds,  and  that  it  may  conflict  with  other  local  terms,  the  author 
now  proposes  to  group  this  series  under  the  term  of  '  The  Mundesley  and  Westle- 
ton Beds,'  indicative  of  their  stratigraphical  position  in  Norfolk,  and  of  characters 
in  Suffolk  which  serve  to  identify  them  in  their  range  westward  and  iuland  to 
j  considerable  distances  beyond  the  Crag  area.  At  the  same  time,  it  may  be  conve- 
:    nient,  for  brevity,  to  use  one  terui  only  in  speaking  of  typical  cases. 
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On  the  Extension  into  Essex,  Middlesex,  and  o'her  Inland  Counties,  of  the 
Mundesley  and  Westleton  Beds,  in  relation  to  the  age  of  certain  Hill- 
Gravels  and  of  some  of  the  Valleys  of  the  South  of  England.  By 
Professor  J.  Prestwich,  M.A.,  F.tt.S. 

The  author  gives  in  this  paper  the  result  of  observations  commenced  more  than 
30  years  since,  but  delayed  publication  partly  in  consequence  of  the  complexity 
of  some  of  the  phenomena.  As  mentioned  in  the  preceding  paper,  a  peculiar 
group  of  land,  freshwater,  and  marine  beds  occupy,  on  the  Norfolk  coast,  a  zone 
between  the  Chill esford  Clay  and  the  Lower  Boulder  Clay.  As  we  proceed  south- 
ward, the  land  and  freshwater  conditions  are  gradually  eliminated,  and  marine 
conditions  there  alone  prevail.  Poorly  marked  as  the  marine  evidence  is  in  Suffolk, 
this  evidence  is  entirely  wanting  further  inland,  and  we  have  only  levels,  super- 
position, and  structure  to  rely  on  in  correlating  the  fragmentary  outliers  into  which 
these  beds  finally  resolve  themselves.  Again  on  the  coast  of  the  Eastern  counties, 
this  group  forms  a  nearly  level  plane  but  little  above  the  sea-level,  resting  every- 
where on  an  undisturbed  or  very  slightly  eroded  bed  of  Chillesford  Clay,  and 
being  succeeded,  with  slight  evidence  of  denudation,  by  the  Lower  Boulder 
Clay,  or  by  the  Glacial  sands  and  gravel;  whereas,  as  it  trends  inland,  it  attains  a 
considerable  elevation  above  the  sea-level,  passes  unconformably  over  the  older  Ter- 
tiary strata,  and  was,  with  them,  subjected  to  a  great  amount  of  denudation  before 
the  deposition  of  the  succeeding  Boulder  Clay  series.  On  the  other  hand,  the  old 
land,  which  seems  to  have  extended  westward  from  the  Norfolk  coast,  is  now  in 
great  part  below  the  level  of  the  German  Ocean.  Further,  whereas  the  succeeding 
Glacial  beds  all  show  a  drift  from  northward  to  southward,  this  is  the  only  case 
that  has  come  under  the  author's  notice  of  a  marine  drift  from  southward  to  the 
northward. 

The  Westleton  Beds,  in  their  more  typical  aspect,  consist  of  quartzose  sands 
full  of  flint-pebbles,  almost  as  much  worn  and  as  numerous  as  in  the  Lower 
Tertiary  sands  of  Blackheath.  With  these  are  mixed — (1)  A  good  many  small 
white  and  rose-coloured  quartz-pebbles;  (2)  Pebbles  of  Lydian  stone;  (3)  Large 
flattened  pebbles  of  a  light-coloured  quartzite  ;  and  (4)  Rolled  and  worn  fragments 
of  Lower  Greensand  chert.  It  is  the  presence  of  these,  and  especially  of  the  last, 
that  constitutes  so  marked  a  feature  of  these  beds,  and  together  with  the  absence  of 
pebbles  and  rock-fragments  of  northern  origin,  serves  to  separate  them  from  the 
Inter-glacial  sands  and  shingle  with  which  in  places  they  come  into  juxtaposition. 

The  author  then  proceeds  to  trace  the  beds  through  Essex,  and  gives  a  series  of 
railway  sections  showing  these  beds,  exhibiting  usually  the  appearance  of  a  white 
gravel,  with  intercalated  ochreous  beds,  and  reposing  on  a  very  eroded  surface  of 
the  London  Clay.  Near  Clare  there  is  a  pit  in  which  they  exhibit  oblique  lamina- 
tion, and  might,  apart  from  the  want  of  fossils,  be  mistaken  for  a  Crag  section. 
Near  Braintree,  a  remarkable  section  was  exposed  in  the  branch  railway  to  that 
town.  It  showed  these  beds  much  faulted,  overlain  irregularly  by  a  darker  bed 
full  of  the  New  Red  Sandstone  quartzite  pebbles,  and  the  whole  covered  by 
indenting  Boulder  Clay. 

In  following  the  beds  further  westward  they  undergo  further  modification. 
Certain  characters  remain,  however,  persistent,  and  on  these  we  have  to  rely. 
1st,  the  shingle  is  composed  essentially  of  chalk-flint  pebbles,  becoming  less  worn 
as  we  approach  the  southern  limits  of  the  deposit ;  2ndly,  it  often  becomes  much 
mixed  with  flint- pebbles  and  subangular  fragments  of  compact  sandstone  derived 
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from  the  underlying  Tertiary  strata;  Srdly,  the  Greensand  chert  and  ragstone 
fragments  often  so  increase  in  numbers  as  to  constitute  a  large  portion  of  the 
gravel.  They  are  worn  and  subangular,  and  the  chert  is  identical  with  the  chert 
of  the  Lower  Greensand  of  Kent  and  Surrey;  4thly,  the  pebbles  of  white  and 
rose-coloured  quartz,  of  Lydian  stone,  and  of  whitish  quartzite  become  rarer,  and 
in  places  are  wanting.  The  Lydian  stone  and  some  of  the  small  quartz  pebbles 
may  be  derived,  with  the  chert,  from  the  Lower  Greensand,  but  this  will  not 
account  for  the  great  number  of  quartz  pebbles  found  in  the  Eastern  counties. 
The  quartzite  pebbles  are  as  large  but  lighter-coloured  and  more  ovoid  than 
tho^e  of  the  New  Red.  They  probably  have  drifted  from  a  continental  area 
on  the  east,  the  author  having  found  similar  beds  in  parts  of  Belgium.  5thly, 
the  absence  of  northern  drift. 

It  is  to  this  age  that  the  author  would  refer  the  drift  gravel  capping  some 
of  the  higher  ground  in  Epping  Forest,  and  also  the  Middlesex  hills  around 
Barnet  and  Southgate,  and  extending  thence  in  outliers  to  the  range  of  hills 
between  Hertford  and  Hatfield,  South  Mimms  and  St.  Albans,  and  possibly  as 
far  north  as  Tyler's  Hill,  near  Chesham.  Ranging  further  westward,  it  forms 
a  small  capping  on  Horsiugton  Hill,  near  Harrow,  which  serves  to  connect  it  with 
its  hifih  level  on  Bowsey  Hill,  near  Henley-on-Thames.  Southward,  it  caps 
St.  George's  Hill,  near  Weybridge.  Approaching  its  southern  boundary,  this 
drift  becomes  less  worn  and  passes  into  a  subangular  flint-gravel,  capping  several 
of  the  hills  south  of  the  Thames.  At  Cherry  Down,  near  Windsor,  it  consists  in 
large  part  of  subangular  fragments  of  chert  and  ragstone.  It  caps  Hungary  Hill, 
near  Farnham  ;  another  hill  west  of  Caesar's  Camp,  near  Bajrshot;  Meadow  Down, 
near  Guildford;  and  Pobly  Hill,  near  Dorking,  and  some  others.  To  this  period 
may  possibly  be  also  assigned  the  gravel  on  the  top  of  Well  Hill  (if  not  older), 
near  Chelsrield,  Kent ;  and  some  sand  and  gravel  on  the  top  of  the  cliffs  near 
Minster,  in  the  Isle  of  Sheppey. 

The  author  reserves  for  another  occasion  the  description  of  the  beds  next  in 
order;  but  he  would  mention  here,  that  the  Boulder  Clay  and  some  Glacial  gravels 
occupy  in  Herts  and  Berks  a  lower  horizon  than  the  Westleton  Beds.  It  would 
therefore  appear  that,  while  the  eastern  area  was  submerged,  and  the  strata 
followed  in  regular  succession  upon  a  surface  which  did  not  undergo  denudation, 
the  southern  and  western  area  was  slowly  elevated,  and  underwent  partial  denuda- 
tion before  the  Upper  Boulder  Clay  was  deposited.  Previous  to  the  period  of 
the  Westleton  and  Mundesley  beds,  it  is  probable  that  the  denudation  of  the 
Weald  had  hardly  commenced.  The  northern  part  of  this  area  was  under  the 
sea  at  the  beginning  of  the  Cra?  period  (the  Lenham  Beds),  and  judging  from 
the  character  of  the  beds  at  Well  Hill,  Cherry  Down,  &c,  the  author  concludes 
that  there  was  land  south  of  this  fringing  shingle,  whence  the  great  mass  of  Chalk- 
flints  and  of  Lower  Greensand  chert  and  ragstone  must  have  been  derived.  The 
quantity  of  this  debris  serves  to  attest  to  the  great  mass  of  these  strata  that  was 
subsequently  removed  from  the  Wealden  area. 

After  the  rise  of  the  more  central  and  northern  parts  of  the  area  over  which 
the  Westleton  Beds  extended,  that  area  also  underwent  extensive  denudation,  and 
it  was  at  this  period  that  the  great  plain  of  the  Thames  Valley  received  its  first 
outlines,  although  it  was  not  until  much  later  that  the  river  valley  received  its 
last  impress. 
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